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A RECEIVER CTRPT TTT 



This invention relates „, a receiver ^ more ^ 
to such areceiver circuit for use as a -wake-up" detector for a lag. 



Tagging sys.cn* are weH known and generaUy uprise a, least one interrogator circuit 
which ,s conned ,„ . control centre „ y means rf , ^ 

can cordate typicaily by ^ 0 ,radio ^ 
circuit is a. a feed location whilst the tags are attached to objects which are mobile. The 
application for tagging systems are numerous and include road tolling systems; remote 
■"adingof utility meters such as e<ec«rici,y, water or gas consumption meters; teiematics 
(that is cornrnunication between an Mrastructure and vehicles) and logistics (that is 
I-eping track of the movement of goods such as food between a warehouse and a number 
of retail outlets) to name but a few. 



In a uumber of applications, the tag wiS he inoperative for . „ f fc 

*»e. For example, the tag onIy oe requjred b ^ ^ 

for a few mtau.es. or even seconds, over a period of many mouths or even years. To 
-duce the power consumption of the tag and hence increase the operating Ufe of the tag. 
which win often be operated tom . ^ supply „ ^ ^ 

a second mode of operation. often termed a -sleep" mode or low current state. In this low 
current state the power consumption of the tag is kept ,o a minimum by switching of/all 
non-essential circuitry. The tag is re-activated or awoken tan, its "sleep" sttte when i, 
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signal to be in the form an amplitude modulated fAIVn m > 

oauiated (AM) microwave signal. The detector 

such as a microprocessor which is reniri^H ^ 

hich is requzred to operate at a logic level of the order of a few 

volts. In 0rder t0 conven ^ yety 1qw dfi ^ 

uwave signal to an appropriate level 

-Plifleran^^^^ ^^^^^^^ _ ^ ^ 

of the tag. 



I 15 F ° r taggin ^ $ y ste ^ in which a slow wake-ur, is accrnt»w i ^ 
J%. P 1S acce Ptable, a low frequency wake- 



20 



up 

such systenB „ js „ [o ^ ^ ^ ^ ^ ^ 
gain ^ dth product ^ wWch is (o ^ ^ ^ ^ ^ 

CWe^ forsystemsinwWch afaawa^po^^^ 
wne re a low frequency ^ (one ^ m avaaabfc ^ vjaMe soch _ ^ 

base- on sm for ^ ^ ^ bandwidfl] ^ ^ 

amplifiers *ac ir c» it „ H c hha5asigIlW<;1I , t p™^,,^^ 

Of SOMA, Octatad^^^^^ Iheseani p IifierstllistypeofcircuU 
vmually mles oul long lif<J ft ^ a 
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The use of wake-up detected is also known in applications other than tagging systems 
sU ch as for example in the handsets of cellular telephones or in digital cordless 
telephones. Whilst for such applications cost is not such an overriding issue an 
inexpensive detector receiver circuit could be of benefit. A need exists therefore for a 
5 receiver circuit which is both inexpensive and which has a low power consumption. 

US 4786903 discloses a radio frequency transponder which comprises a single tuned 
amplifier which is configured to operate as an oscillator at the intended carrier frequency 
in receive and transmit modes. In the receive mode, oscillation of the amplifier is 
10 externally quenched and ihe circuit operates as a super-regenerative receiver at the carrier 
frequency. In a transmit mode the circuit oscillates at the carrier frequency to radiate a 
transmitted signal. 

GB 2284323 discloses a transponder circuit which is based upon a single field effect 
15 • transistor and which is switched between modes by changing the drain source current. At 
lower currents within the non-linear relatively low gain region of the transistor' s current 
voltage characteristic, the transistor operates to detect an amplitude modulated signal 
applied to the transistor. A feedback arrangement is provided such that when the 
transistor is operated in a linear relatively higher current and gain region of its 
20 characteristic it operates as a negative impedance amplifier and will reflect and amplify 
a signal applied to it. In a third mode of operation, at a yet higher current and gain, the 
transistor is configured to operate as a super-regenerative receiver and self-oscillates at 
the cirrier frequency with oscillation of the transistor being periodically guenche d. 
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The present invention has arisen in an endeavour to provide a receiver-circuit which can 
be used as a wake-up detector and which at least in part overcomes the problems of the 
known arrangements. 

According to the present invention a receiver circuit comprises: an antenna for receiving 
a modulated carrier signal and a transistor connected to the antenna and configured to 
operate as a detector of modulation of the carrier signal; characterised by a resonator 
circuit connected to the transistor and configured such that the transistor can 
simultaneously self-oscillate at substantially the modulation frequency; an oscillator 
quenching means for periodically quenching self-oscillation of the transistor and means 
for sensing the characteristics of the build-up of oscillation to indicate the presence of the 
modulated carrier signal. 

How quickly the magnitude of oscillation of the transistor builds up is determined by 
whether the antenna is receiving a carrier signal which is modulated at the selected 
modulation frequency. It will be appreciated therefore that the transistor simultaneously 
operates as a detector of the modulation of the carrier and as a super-regenerative receiver 
at tjie modulation frequency of this carrier. By configuring the transistor to 
simultaneously operate in the two modes of operation at the lower modulation frequency, 
as opposed to the carrier frequency, this ensures that the circuit has a very low power 

consumption and yet is still extremely sensitive. 

I 

In one arrangement of the circuit, the oscillator quenching means quenches oscillation 

of [ 

i 
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the transistor when the magnitude of oscillation reaches a selected magnitude and the 
means for sensing measures the time between quenching of the transistor to indicate the 
presence of the modulated carrier signal. For example, when the circuit receives a carrier 
signal modulated at, or substantially the same as, the frequency of self-oscillation of the 
circuit, the time taken to reach the selected magnitude will decrease and this can be 
detected as an increase in the quenching frequency. Preferably the selected magnitude 
is the point at which oscillator compression of the transistor occurs, that is the point at 
which saturation of the amplitude of the oscillation of the transistor occurs. 

In an alternative embodiment, the oscillator quenching means quenches oscillation of the 
transistor at regular time intervals and the means for sensing measures the magnitude of 
oscillation over one or more of the time intervals to indicate the presence of the 
modulated carrier signal. Conveniently the time interval is selected such that in the 
absence of a modulated signal die magnitude of oscillation will not reach a selected 
threshold value and will exceed this threshold when a modulated earner signal is present. 
Alternatively the average magnitude of oscillation over one or more time intervals can 
be used to indicate the presence of a modulated carrier signal. 

In a particularly preferred embodiment, which is for use at microwave frequencies, the 
transistor comprises a field effect transistor (FET) and the oscillator quenching means, 
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which conveniently comprises a switching means, quenches oscillation of the transistor 
by varying the drain source current of the FET. Conveniently with such a circuit, the 
resonator circuit comprises a ceramic resonator, a quartz crystal or a network of one or 
more capacitors and inductors. Since all of these components are essentially passive 
5 elements, this ensures the circuic remains simple and inexpensive to manufacture. 

Advantageously, the receiver circuit further comprises a matching network between the 
antenna and the transistor. To enable the circuit to operate with a frequency modulated 
(FM) or phase modulated carrier signal, the circuit further comprises a narrow band filter 
10 for converting the frequency/phase modulated signal to an amplitude modulated signal 
before it is applied to the input of the transistor. 



m According to a further aspect of the invention, a wake-up detector circuit includes a 

p receiver circuit as described above. 

□ 15 

fri 

p In order that the invention may be further understood, an embodiment thereof will now 

be described by way of example only with reference to the accompanying drawings in 
which: 



20 Figure 1 is a schematic of a receiver circuit in accordance with the invention; and 



Figure 2 is a representation of the voltage (i) v d at the drain d of field effect transistor, 
(u) v de[ at the detector's output and (Hi) Vint at the output of the integrator versus time for 
the cireuitlof Figure 1, (a) in the absence of a modulated signal and (b) when the antenna 
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Referring to Figure 1, there is shown a receiver or wake-up circuit 2 in accordance with 
the invention for operation with a carrier frequency of 2.45 GHz. The circuit 2 comprises 
a patch antenna 4 which is connected by means of a radio frequency (rf) matching 
network 6, 8 to the gate g of a field effect transistor (FET) 10. In the example shown the 
FET 10 is a gallium arsenide FET, ATF21 186A. The matching network 6, 8 comprises 
a microstrip line arrangement which matches the input impedance of the FET 10 to that 
of the antenna 4 and provides a dc/iow frequency ground for the gate g of the FET 10. 
The matching network is configured such that the FET 10 will operate as a receiver at 
2.45 GHz. 



A resonator circuit which comprises a serially connected inductor 12 (L) and two 
capacitors 14 (C t ) and 16 (Q) is provided between the positive su ppl y rail + V and earth 
with the node between the inductor 12 and capacitor 14 being connected to the drain d 
of me FET 10 and the node between the two capacitors 14 and 16 being connected to the 
source s of the FET 10. The values of the inductor 12 and capacitors 14 and 16 are 
selected such that the FET 10 will self-oscillate at a selected frequency; in the example 
described, 100 kHz. The selected frequency, which will be termed the wake-up 
frequency,' corresponds to the expected frequency of modulation of the 2.45 GHz carrier 
signal. The modulated signal will be termed the wake-up signal. 

Between the source of the FET 10 and ground there is provided a serially connected 
resistor ISjCR,) and switch 20. The resistor 1 8 sets the dc operating conditions of the 
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FET 10 and its value is selected Such lhil , „, he „ ^ ^ ^ . c]ose(J „ ^ ^ ^ 
operates as a negative resistance. such a ^ ^ rf ^ ^ ; g ^ 

loss resist of toe tuned resonator circuit ,2, ,4, .6 and the transistor seIf . osciUMes 
^ SMte of ln e 5 w ittt ,20. In a ti sw„e tn e r i tis W =r VI— ■ circuit, 
by a eon.ro. i„pu t 22 * which . pulsed signa] of dme ^ t ^ ^ ^ ^ 

20 thus octrois the current flowmg betwM „ ^ ^ ^ ^ of ^ ^ ^ ^ 
hence whether the transistor can self-oscillate. 

Connected „ the drain of the FET !0 via a coupling capacitor 24 ( C,) are a serially 
connected detect circuit 26, an irttegrator circuit 28 and a threshoid detector circuit 30. 
A, is known the coupling capacitor 24 al,ows high frequency signals to pass whiist 
curing the detector circuit 26 does no. affect the DC bias conditions of the FET 10. 

A, shown, the detector circuit 26 is a voltage doubling diode detector comprising two 
Schoulcy diodes 32 and 34; the integrator circuit 28 consists of a paralle! connected 
-istor 36 fly and capacitor 38 «y and the threshoid detector 30 consists of a voltage 
comparator 40 for comparing the voltage v„ at the output of the integrator M with . 
threshed voltage v.. The values of the resist 36 and capacitor 38 „ select to ensure 
** tote constant of the integrator „ slKh .ha, it produces the envelope of the voltage V. 
appearing at the output of the detector 26. 

As described «he FET .0 is configured by the matching circuit 6 and 8 to operate as a 
-iverat^GH^isstauitane^ 

16 and IS to operate as an escalator a, the 100 kHz modulation frequency. In operauon. 
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oscillation of the transistor is quenched periodically by quenching the drain/source 
current i ds whenever the switch 20 is open circuit and the circuit is allowed to restart 
oscillating for time interval x. The time taken for the magnitude of oscillation to build 
up once it has been quenched is dependent on the Q factor of the tuned resonator circuit 
12, 14, 16, the gain of the FET 10 and, most importantly, whether a modulated carrier 
signal is present at the gate g of the FET 10. 

Referring to Figure 2(a)i-iii these figures show the voltage appearing at various points 
in the circuit in the absence of a wake-up signal. From Figure 2(a)i it will be seen how 
the voltage v d appearing at the drain d builds up as the transistor begins to self-oscillate. 
After a period of time x the switch 20 opens and oscillation of the transistor is quenched. 
After a short period the switch is closed for a further time period x and the transistor 
begins to self oscillate once more before being quenched and this process is repeated. 
Referring to Figures 2(a) ii and iii, these show the corresponding rectified voltage at 
the output of the detector circuit 26 and the voltage v^ at the output of the integrator 28, 
the latter of which corresponds to the envelope the voltage v im . The time period x and/or 
the Q factor of the tuned resonator circuit are selected such that in the absence of a wake- 
up signal the voltage v int is always less than the threshold voltage V th . 

Referring to Figure 2(b)I - iii these show the equivalent voltage plots for the case when 
the circuit 2 receives a wake-up signal at the antenna 4. As will be apparent the 
magnitude of oscillation builds up much more rapidly and the voltage v im soon exceeds 
the threshold voltage V (h causing the output of the voltage comparator 40 to change state 
indicating the detection of a wake-up signal. The output from the voltage comparator can 
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be used directly to re-activate circuitry, such as a microprocessor, which has been 



wake-up signal, the circuit 2 can be readily re-configured to operate as the transponder 
circuit of a tag by switching the resonator circuit 12, 14, 16 oat of the circuit 2 and 
5 changing the drain/source current as for example is described in our UK Patent No GB 
2284323. 

It will be appreciated therefore that the FET 10 functions as a low frequency (100 kHz) 
super-regenerative receiver of amplitude modulation of a microwave (2.4 Ghz) signal. 
10 It is found that the circuit 2 described is capable of operation at extremely low currents > 
of the order of two microamps, but is still able to produce a large output change which 
can be used to direcdy drive logic circuits. Furthermore the circuit is also inexpensive 
since the transistor is configured to operate as both a microwave detector and an 
oscillator at the modulation frequency. The circuit thus allows a low power wake-up 
15 detector to be produced which is capable of operating with relatively high modulated 
frequency wake-up signals with a very high degree of sensitivity. The nature of the 
circuit configuration is such that it has an inherent filtering effect which reduces false 
wake-up events. 

20 It will be appreciated that modifications to the circuit illustrated may be made within the 
scope oif the present invention. For example, in the embodiment illustrated, oscillation 
of the transistor is quenched at regular intervals and the threshold detector circuit 
determines when a modulated signal is present when the magnitude of oscillation exceeds 
the threshold voltage within a given time interval. In a further embodiment of the 



previously set into a sleep state to reduce power consumption. Having detected a valid 
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invent tne o, the integer h selected suc „ ^ ^ . 

overanutnberof time interval „ give a measure average value of the ^ 
of osciHario, Such an arrangement provides „ even nigKer noise and 
•oWe to false triggering ,„ ollgh ^ wake _ up ^ ^ be 



increased. In 



yet a further embodiment „ sci „ ation of ^ ^ 

a .erected magnitude of cMMaa ^ ^ ^ ^ ^ ^ ^ 

detect for the presence of the selected wake-up signal. .„ all embodiments the 
characterise o, tne buil d-„p „, „ ^ „ ^ fc ^ ^ 

modulated carrier signal. 

It will be further appreciated that the Mention is not lifted to the specific circuit 
arrangement described. For example, in an alternative embodiment the mtegrator and 
threshold detector 30 could be replaced with a Schmitt logic gate in which the threshold 
voltage corresponds to the logic level of the gate. With such an arrangement the logic 
gate will produce a clocked output, at the modulation required, which can be used to 
clock a microprocessor or other control circuitry. Once a valid wake-up signal is 
detected, the processor then inhibit, quenching of ^ ^ ^ ^ ^ 

continue to provide a clock signal whilst a modulated carrier signal is being received. 
A particular advantage of this arrangement is that the microprocessor can be clocked 
externally without the need of an internal clock. 

In further embodiments of the invention, the series resonator circuit can be replaced with 
a low frequency crystal which would very precisely set the frequency oscillation of the 
circuit and gjve even better sensitivity or with a ceramic resonator or other forms of 
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resonator circuits which comprise one or more capacitors and inductors. Depending on 
the frequency of operation, the FET 10 could be replaced with other types of transistors 
such as bipolar devices and likewise the patch antenna by an antenna appropriate to the 
desired frequency of operation. The term transistor is intended to have a broad meaning 
and include both discrete devices an those that are a part of a larger integrated circuit 

Furthermore, whilst the receiver circuit 2 has been described in relation to a wake-up 
detectorlfor a tag, the circuit can be used in other applications. One example is to use it 
in the handsel of a digital cordless telephone which uses burst mode transmission such 
as Time Division Multiple Access (TDMA), In such an application the transistor is tuned 
to operate as a receiver at the carrier frequency and is configured to self-oscillate at the 
frequency of the bursts (i.e. the reciprocal of the time interval between bursts). The 
present invention thus provides a very low power receiver circuit which has a fast 
response and which can detect high frequency burst mode signal such as for example 
those usjed in cellular telephones. One further example of an application of the invention 
is in the detection of TDMA signals particularly those from cellular phones in areas, such 
as railway carriages, where the use of such equipment is prohibited. Furthermore it will 
be appreciated that the circuit is also suited to use with a frequency or phase modulated 
carrier signals provided a narrow band filter is used to convert the received signal to an 
AM modulated signal before it is applied to the input of the transistor. 
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